INTRODUCTION
In recent years, a need has developed for a low-cost, easily-produced filter capable of transmitting radiation in the 2500-2700A range, particularly for isolation of the mercury (Hg) 2537A line in the output of a low-pressure Hg lamp. Specifically, such a filter is desired in the areas of sensitized fluorescence, shock front radiation, ultraviolet (uv) exposure, and information transmission through the use of uv radiation.
Hoshino and Yoshida (1) published the first information concerning the filter to be discussed in this paper. The method of construction was tedious but resulted in a polyvinyl alcohol film which was dipped in a water-base iodine dye to achieve the finished form. Later work by investigators (1i) at
Kansas State University produced improvements in the production techniques and filter quality. Soon after the publication of these results, a group (3) at Bowdoin College found that the transmission characteristics of these filters were not stable over a period of time when exposed to the radiation from a low-pressure Hg lamp. They found that the filters broke down and transmitted unwanted radiation in the visible range.
With this information, the project to be discussed herein was initiated with two goals in mind. First, a study of the time-varying characteristics was to be made and, second, attempts were to be made to improve the stability and transmission characteristics of the filter.
APPARATUS AND PROCEDURE
Sylvania type G4T4/11 L watt low-pressure Hg germicidal lamps producing 2 the Hg line spectrum were used in all measurements. A study of the intensities of the spectral lines in the 2500-7000A range indicated that the major lines were located at 2537A, 3132A, 3650A, 140)47A, 4358A, and 5460A. Therefore, only those six lines were used in the transmission analysis of the filters.
The laboratory apparatus was designed to satisfy two basic requirements.
First, the amount of radiation received by every filter in a given time had to be a constant to make comparison of the time-varying characteristics possible.
Second, the transmission measuring system had to be set up so that every time a filter was placed in the system, the same filter area would be exposed to the measuring beam in the same position.
The following method was used to accomplish constant irradiation. To obtain uniform radiation sources, the G4 T4/1 lamps were used for irradiating only after they had been operated at full power for twenty hours to insure stability in outputs. These lamps were then enclosed in shields having by In all of the filters tested, the rim portion which was shielded from the radiation by the filter holder did not alter its appearance along with the rest of the filter. During the irradiations depicted in Plate V, the filters changed from deep purple to light brown in color.
Knowing that the characteristics of the polyvinyl alcohol film itself must be included in the total filter effect, a study was made of the effects of the G4T4/1 radiation on the clear film. Plate VI illustrates the short term and long term effects of such irradiation. It was seen that the G4T4/1 radiation produced a sharp initial increase in the percent transmission of 2537A radiation by the clear film alone. The long term decrease in 2537A transmission will be discussed later but it can be noted that much longer irradiation times than those used with the filters so fax were necessary to produce the decrease. Short term effects of G4T4/1 radiation on clear polyvinyl alcohol film Thus far, the radiation effects had been studied only under total radiation from G4194/1 lamps. It was found that if ordinary glass was placed between the lamp and the filter, the filter showed no appreciable change over a period of hours.
Since the glass effectively did not transmit wavelengths shorter than 3800A, it was established that the uv radiation was responsible for major changes in the filter.
Next, the effect of heat on the filters and clear film was examined. In particular, the 2537A transmission plotted in Plate VII, Fig. 1 showed that the long term 2537A transmission decrease under lamp irradiation shown in Plate VI, Fig. 2 was a heat effect.
It was noted that a G4T4/1 lamp supplied heat to a filter being irradiated.
In addition, the lamp furnished uv radiation which was capable of producing important initial changes in the 2537A transmission of the film itself.
,hen this uv effect on the 2537A transmission was combined with the heat effect shown in Plate VII, Fig. 2 with the color changes observed during lamp irradiation.
Therefore, the conclusion was reached that the net effect of lamp irradiation was due to the uv effects on the film base combined with heat effects on the dye and film base.
With the data accumulated up to this point, it had become possible to predict accurately the behavior of the dip-dyed filters when exposed to lamp radiation. All of the filters behaved in the manner shown for any of the four filters in Plate V. The magnitudes of the transmission percentages varied with the dye density but the general form was always the same.
At this stage of the project, it was decided attempts should be made to make the filter more stable while using the same materials. In examining the filter construction method, attention was centered on the dyeing process.
The dip-dyeing took a matter of a few seconds and the conclusion was reached that the dye could be expected to be concentrated on the surfaces of the filter.
Therefore, a more uniform dye distribution was sought.
The attempt led to a pre-dyed filter which had greater stability but similar characteristics when compared with the dip-dyed filter. The method for making the pre-dyed filters was as follows. To insure maximum clarity in the finished filter, the polyvinyl alcohol was sifted through a 50-mesh screen to remove lumps. Five grams of this powder was then mixed in a beaker However, each combination produced a filter having a different dye density and this seemed to correspond to changing the dyeing time in the dipdyed filters.
Thus there was an abundance of pre-dyed filters to compare with the earlier filters.
The first improvement noted in the pre-dyed filters was that, for any given initial dye density, i.e. for any given level of initial 2537A transmission, the time rate of change of a pre-dyed filter was about one-half the rate observed in a dip-dyed filter exposed to the same rate of irradiation.
Thus better dye distribution resulted in greater stability.
In the dip-dyed filters, it was observed that all filters having initial 2537A transmission at or below 23 percent had 5460A transmission at or below 2I 1.0 percent. In the pre-dyed filters, all filters with 2537A transmission at or below 28 percent initially satisfied the 1.0 percent maximum limit on 5460A transmission. Thus the pre-dyed filters had a better initial characteristic in the ratio of 2537A transmission to 5460A transmission.
In all lamp-irradiated filters, both dip-and pre-dyed, the very slow initial change in 5460A transmission was observed. 98.5%
The "Polarization" in Table 1 Attention was then directed toward stabilizing the filter. The effort was centered around achieving a uniform dye distribution throughout the filter rather than the surface effect which could be expected with short duration dip-dyeing. The experimentation led to a pre-dyed filter in which the dye solution was added to the warm polyvinyl alcohol-water solution before the liquid was poured to form the filter.
These filters behaved in the same general way as the dip-dyed filters but differed from the dip-dyed filters in two important aspects. First, the pre-dyed filters showed only one-half the rate of change observed in the dipdyed filters when exposed to equal Hg lamp radiation. Second, it was possible, with proper construction and irradiation, to produce a filter having 40
